Abstract
Introduction

29
International medical graduates (IMGs) have become essential to the health care systems of much 30 of the developed world. [1] According to the latest OECD figures, IMGs represent 17.6% of the 31 medical workforce among the OECD26 nations.
[2] This figure is even higher within the English-32 speaking world, with United States, United Kingdom, Canada, and Australia each reporting well 33 over 20% (25.0%, 28.7%, 23.5%, and 30.5%; respectively). IMGs often face many challenges 34 when entering the workforce. These challenges have been well documented [3] [4] [5] and are often 35 boiled-down to issues requiring improved acclimatization and communication. [6] Language 36 barriers have often been cited as a key challenge [7] , but very few studies have been conducted to 37 explore what specific content or grammatical features are omitted by IMGs in practice. [ 
8] 38
Beyond the clinical setting, many have claimed that the ubiquity of English in medical reporting 39 and communications has created undue burden for non-native speakers of English (nNS). [9-11] 40 And the evidence supports these claims: nNS clinician-scientists are more likely to have had their 41 research rejected for publication [9] or retracted due to reporting misconduct. [12] Not surprisingly, 42 they are also reported to be overall less satisfied with the publication process. [13] 43
The history and intellectual sophistication encoded within the language of medicine makes 44 tackling such issues no easy feat. Indeed, medical terminology and phrasing are based on a 45 tradition spanning more than 2500 years-a tradition that cuts across typical linguistic and cultural 46 boundaries. [14] Consequently, the phrasing and language patterns typical within medical English 47 vary substantially from that which would be considered typical of the common language. [15] This 48 dynamic, however, is exploited in the present study to uncover and characterize the specific content 49 and language patterns most prevalent within English, as it is used within medicine. 50
Methods
51
To accomplish these goals, methods from the area of computational linguistics were applied to a 52 representative language database (corpus) in order to extract and derive the following information: 53 1) the collocations most likely to appear in medical English writing, 2) the proportion of the various 54 parts of speech (and associated phrases) present in medical English writing, and 3) examples of 55 representative language for each. In order to accomplish this, it was necessary to obtain a corpus 56 that was sufficiently representative with respect to medical English. For this purpose, we used the 57
Oxford English Corpus (OEC). The OEC is is one of the largest English-language corpora in the 58 world, and is used by the Oxford University Press to support the production of their famed series 59 of dictionaries of the English language and associated material. As stated by the Oxford University 60
Press, "the corpus contains nearly 2.5 billion words of real 21st century English". 
Results
107
Our resulting dataset consisted of 5436 collocations corresponding to the terms and phrases most 108 likely to be found primarily within the medical English corpus. Collocations were then categorized 109 according to grammatical relationship and frequency statistics. For the purpose of this analysis, 110 "prevalence" is defined as the number of terms per category multiplied the average frequency; 111 "prevalence" may also be derived by summing up the respective frequencies of each term within 112 a given class. Prevalence thus reflects the relative likelihood that a given class of grammar 113 relationship might be encountered within a given medical text. For the remainder of this paper, 114 prevalence is described as a percentage with base of n = 9561. Prevalence (Percent) is based on overall aggregate prevalence (count * frequency), n = 9561. 120
Prevalence within medical English
122
The most prevalent types of terms were nouns introduced by prepositions ("Prep N", 33%), nouns 123 followed by prepositions ("N Prep", 28%), and modified nouns ("X mod N", 17%); verbs followed 124 by prepositions ("V Prep", 7%) came in a distant fourth. The long-tail consisted of another 30 125 miscellaneous grammar relationships accounting for 15% of total prevalence. 126 "Prep N" includes collocations such as "of … patient", examples of which include the expressions 127 "of this critically ill patient", "of the patient", and "of patients". Some other high-frequency 128 collocations were "in ... group" (e.g., "in the control group" and "in both groups") and "of study" 129 (e.g., "of this study" and "of the previous studies"). "N Prep", captured nouns for which 130 appropriate collocation usage and/or meaning depends on the preposition. This includes 131 terminology such as "treatment of", "treatment in", and "treatment with". The third category, "X 132 mod N" was found to be comprised mostly of noun-adjective pairs forming specific terminology 133 such as "blood pressure", "risk factor", "side effect", and "heart disease". The fourth place 134 category, "V Prep", captured verbs for which the meaning conveyed depends on the preposition 135 used. This includes terms such as "present with", "present to", "present in", and "present as". 136
The remaining 15% of grammatical relationships observed are listed in Table 2 . In total, thirty 137 classes of grammatical relationships were observed. Of these, however, only a few stood out. The 138 rest comprised a substantial long-tail of potentially informative, but low incidence terms and 139 phrases; these were omitted from analysis. A brief overview of the remaining, significant terms 140 follows. 141 "And/Or" (3%) is comprised mostly of common noun and modifier pairs (coordinates) that are 142 generally equivalent, either in terms of collocational usage or meaning (modifiers). Examples of 143 noun coordination include "children and adolescents", "drugs and alcohol", and "anxiety and 144 depression". Examples of modifier coordination include "negative and positive", "male and 145 female", "safe and effective" and even quasi-equivalent pairs such as "many other". 146 "V obj N" (3%) captured noun-verb collocations required to appropriately describe concepts or 147 actions specific to medical practice and/or science. Examples include "have … effect", "treat … 148 patient", "provide … information", "reduce … risk", and "make … decision". 149 "Adj Prep" (3%) represents adjectives followed by prepositions and includes items such as "due 150 to", "effective in", "available for", "aware of", and "common in". Items in this class generally 151 serve as the objects of passive constructions, for example "Is due to" and "Is effective for". 152
Meanwhile, "X of N" (2%) captured modified nouns inverted using the "of" construction; 153 examples include "% … of … patients", "quality of life", "result … of … study", and "cause of 154 … death". Many were phrase equivalent reformulations of terms captured under "X mod N". 155
Discussion
156
In the present study, we used computational linguistic methods to systematically explore medical 157
English as an entity separate to and apart from the English language itself. The methodology 158 demonstrated in this study compared two separate, but non-independent corpora-one 159 representative of general English usage, the other specific to medicine-to identify the usage 160 patterns specific to medicine, that are less likely to be encountered in day-to-day usage. 161
Pedagogical implications
162
As previously described, grammatical relationships were identified and explored based on the 163 findings of a computational analysis. Such approaches are known to identify and describe grammar 164 in schemes known to differ from traditional grammatical models. [24] As described in the 165 introduction, the corpus and language model used for this analysis have been developed and are 166 presently used by Oxford University Press, one of the most recognized authorities on the English 167 language and is thereby assumed to map well to well-recognized models of English grammar. 168 usage. In addition, given the overall lower likelihood that any given noun phrase will be 207 encountered in a given text (see Table 2 , term frequency), learners and instructors may be better 208 served allocating efforts to mastery of the other constructs previously discussed in this section. 
Miscellaneous verb or adverbial phrases (5%)
215
Verbs play a central role in the understanding and usage of any language, so much so in fact that 216 the verbs most commonly found in medical English are also relatively common overall. This is 217 reflected by the comparably lower incidence of verbs and verb phrases in the present study, which 218 systematically identified and extracted only terms found to be relatively more prevalent within 219 medical English, as opposed to general usage. Consequently, this category is dominated by "V obj 220 N" compound verb constructions that reflect specialized usage of otherwise common POS. 221
Examples include "have … effect", "play … role", "treat … patient", "provide … information", 222 "reduce … risk", and "make … decision". Table 3 provides examples of typical usage. As is clearly 223 evident, these terms behave as and may be more appropriately understood to be separable verbs 224 similar, in principle, to those found commonly in languages such as German. And as previously 225 discussed, a pedagogy that treats such terms accordingly may ultimately be most effective for 226 ensuring competence at this level. As shown, these terms are composed of relatively common 227 components, making learner error highly likely if no intervention is made. Therefore, given that 228 this list is comprised of only 281 items, we feel it would be remiss to omit these from instruction. 229 strategy is shown to be one which focus primarily on dependent preposition patterns (i.e., "N Prep", 255 "Prep N", "V Prep", and "Adj Prep") and usage of prepositional phrases ("Prep N"). In addition, 256 this visualization poignantly highlights the finding that noun phrases ("X mod N"), while highly 257 important as a whole, are individually far less likely to be encountered in any given context. 258 
Limitations
273
This research pre-supposes that the corpus used was sufficiently representative for the purpose of 274 population-level inference. As of the time of this writing, this cannot be confirmed. However, as 275 previously discussed, the OEC is considered to be the most comprehensive and highest quality 276
English-language corpus presently available. And it has been employed by numerous authorities 277 for research into current English usage. Thus the authors contend that the results demonstrated, if 278 not statistically robust, are nevertheless sufficiently accurate and precise with respect to our stated 279 aims. Moreover, only aggregated data was subject to analysis; no assertions were made regarding 280 the importance of individual terms or phrases. Consequently, we expect these present findings to 281 be highly reproducible and unlikely to vary significantly with the introduction of a new or updated 282 corpus of comparable or superior quality. 283
Conclusion
284
In the present study, computational linguistics methods have been used to identify the prevalence 285 of key terms and phrases essential to the understanding of medical English. By systematically 286 identifying such key terms and phrases, we were able to more precisely characterize not only the 287 words out of which medical English is comprised, but also the logic and grammar most associated 288 with this highly specialized field. The data presented in this study has strong implications regarding 289 how to most efficiently improve the communication competence of IMGs, as well as students and 290 doctors intending to work in countries where English is not the first language. By developing 291 targeted teaching sessions focusing on preposition-dependent terms as opposed to crude medical 292 vocabulary, these findings can form the basis for a prospective case-control study to analyze the 293 effect of these two different strategies on future doctor-patient and doctor-doctor interactions. 294
Footnotes
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